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Risk and risk perception remain focal areas of research within the aviation domain. The purpose of the current study 
was to assess an existing measure of a 26-item self-risk perception scale for pilots. A sample of 490 participants was 
used in the present study, and a confirmatory factor analysis was conducted on the original 26-item instrument. The 
findings indicated that there was a poor model fit of the original instrument. Through the use of modification 
indices, a new 13-item scale was produced, which resulted in a second-order CFA model. Flight risk was shown to 
be the second-order construct with general flight risk, high risk, and altitude risk as the first-order constructs. The 
new model reported good psychometric values of GFI of 0.933, AGFI of 0.893, CFI of 0.947, NFI of 0.923, normed 
chi-squared of 3, and RMSEA of 0.071. The findings produce a new 13-item scale that can be used by aviation 
researchers who wish to conduct studies related to the pilot's self-assessment of risk perception. 
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 Risk is an ever-present factor in everyday life. When it comes to flying, a pilot's 
perception of risk may influence their decision to operate in certain conditions (Molesworth & 
Chang, 2009; Molesworth, Wiggins, & O’Hare, 2006). As a result, being able to measure a 
pilot's self-risk assessment is a valuable metric in aviation research. Hunter (2006) published a 
26-item self-risk assessment scale for use with pilots. This instrument has been used in several 
prior studies (Drinkwater & Molesworth, 2010; Hunter, Martinussen, Wiggins & O’Hare, 2011; 
You, Ji, & Han, 2013). The purpose of this paper was to reassess this original instrument, which 
demonstrated mathematical and conceptual issues, to determine if the factor structure and items 
hold or if new data suggest a modified risk perception scale should be created to effectively 
measure self-risk assessments in pilots.  
 
Risk perception presents many opportunities for future research within the aviation 
industry. Since pilots take risks every flight, it is an area where researchers may seek to gain a 
better understanding. For instance, why did the pilot continue flying into deteriorating weather 
conditions, try to land on a runway which was too short, or run an aircraft out of fuel? Risk 
perception plays an influential role in the decision-making and judgments of pilots, and thus, it is 
frequently seen as a desired variable to be measured during research studies. Risk may also be 
related to hazardous attitudes in pilots, which could be precursors to the types of pilots who may 
be willing to take more risks during flight. These concepts justify the need for a valid instrument 




Risk Perception of Pilots in the Aviation Industry 
 
 Risk is something humans are exposed to daily (Hansson, 2005), with humans frequently 
taking on high-risk activities. Risk is commonly defined as the "possibility of a loss" (Merriam-
Webster, 2019, n. p.), and it is described by the Federal Aviation Administration (FAA) as the 
balance or matrix between the likelihood of a particular outcome by the severity of that outcome 
(2009). For example, a plane crash is somewhat unlikely to occur, but the severity level due to 
total damage costs, injuries or fatalities would be quite high, thus increasing the associated risk 
level. Similarly, there are certain phases of flight, specifically takeoff and landing, which are 
considered the two critical phases of flight due to their increased level of risk since the aircraft 
are relatively slower and closer to the ground than during other parts of the flight (FAA, 2009). 
  
Related to risk is a pilot's risk perception, which remains a focal point of aviation 
research. Risk perception is defined as the cognitive ability of a pilot to both recognize and 
accurately assess the level of risk compared with their personal skills to handle the situation 
(Hunter, 2002). A disconnect between these two assessments can result in a potentially 
dangerous situation. The National Transportation Safety Board (NTSB) noted that within 
between 1989 and 2009, around 85% of aviation accidents were attributed to pilot error (FAA, 
2009), and updated metrics from Oster, Strong, and Zom (2013) found 83% of aviation accidents 
from 1990-2013 were a result from which human error was a least a contributing factor, while 
the most recent Nall Report cites pilot-related issues in 74% of accidents (AOPA, 2018). Part of 
these errors is likely related to poor risk perception and the resulting decisions. A prior study by 
Orasanu, Fischer, and Davison (2002) found that pilots typically tend to have optimistic attitudes 
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toward risk where they overestimate their abilities and underestimate the risk of loss, sometimes 
referred to as overconfidence bias. This finding may be useful in explaining pilot related errors to 
events such as plan continuation errors (PCE), where, for example, pilots continue flight into 
deteriorating weather conditions.  
 
In some more recent studies on pilots and risk, Joseph and Reddy (2013) reviewed risk-
taking perceptions of helicopter pilots in the Indian Army. Their findings suggest participants 
with low self-confidence and safety orientation scores were more likely to take on higher levels 
of risk. Knect and Frazier (2015) examined the risk of pilots using graphical weather tools in 
their flight planning. They found that higher motivation to complete the flights increased the 
risk-taking of pilots, and pilot generally had higher risk tolerance levels than desired. Wiggins, 
Hunter, O’Hare, and Martinussen (2012) used a sub-set of the existing scale (only 10 of the 26 
items) to assess a pilot's decision to continue flight into instrument meteorological conditions. 
Lastly, using the existing Risk Perception Scale, Ji, Yang, Li, Xu, and He (2018) found that risk 
perception scores mediated the relationship between trait mindfulness and likelihood to be 
involved in an incident. These studies also demonstrate the need for additional research to be 
conducted related to risk perception in aviation. 
 
Assessment of Risk Using a Revalidated Scale 
 
 Risk remains a construct of interest in aviation research. It is linked closely with 
decision-making and studies have focused on investigating the risk, decision, and judgment of 
pilots for many years (Jensen & Benel, 1977; Ji, You, Lan, & Yang, 2011; Hunter, 2002; 
Molesworth & Chang, 2009; O’Hare, 1990; You, Ji, & Han, 2013). Since risk is a latent 
construct, researchers need to rely on valid scales to provide measurement. Latent variables are 
those variables which are not directly observable (Byrne, 2010); flight risk is an example of one 
such variable. These latent variables are represented by manifest variables, which are directly 
observable variables. In another example, IQ is the latent construct, and the IQ test provides the 
manifest variables. Scale validation helps ensure the scale being used by the researcher is 
measuring the construct under investigation. An initial assessment using the current dataset 
found areas of concern with the original risk perception instrument, which resulted in 
questionable validity. Specifically, there were individual items which loaded onto multiple latent 
factors. This threatens the validity of the overall scale (Blunch, 2013) and fails to produce 
unidimensional measures (Hair et al., 2010). Therefore, this warranted a further and thorough 
investigation to revalidate the original risk perception scale to verify its validity for use to 
measure risk levels in aviation. 
 
When conducting studies, there is immense value in using a validated scale over an 
invalid scale (Wilson & Joye, 2017). A construct-valid measure has been statistically shown to 
measure the construct under investigation, whereas, a newly created scale may not, in fact, be 
measuring the construct intended by the researchers. For aviation researchers wishing to 
investigate risk, using an instrument which has not demonstrated the psychometric properties of 
validity could cause multiple threats to the internal validity of the findings. However, there can 
also be a contradiction between the length of the scale and its usefulness. If time were not an 
issue, many researchers would prefer larger, multi-item instruments to ensure good validity and 
reliability of the constructs under investigation (Gosling, Rentfrow, & Swann Jr., 2003); 
however, scarce resources and limited time usually are real challenges incurred by researchers.  
 
Achieving a balance between scale validity and its length leads to the notion that in scale 
development, researchers should strive for parsimony. The goal of parsimony is for researchers 
to develop scales with the minimum number of items needed to represent the desired construct 
(Hair et al., 2010). As a result, there is value in developing an instrument that is both valid and 
efficient to administer. With the original instrument having individual items load on multiple 
factors, this threatens the parsimony of the scale, along with the validity. Additionally, from a 
procedural standpoint, a shorter instrument will also help reduce participant fatigue, especially in 
studies where multiple measures are proposed. It will also help if intended to be administered 
longitudinally or in scenarios such as a pre- and post-test (Robins, Hendin, & Trzesniewski, 
2001). Prior studies have shown that short scales can have just as much validity as longer scales 
(Burisch, 1984, 1997). Based on the threats to the existing scale, these concepts are relevant to 
the current study as Hunter’s original 26-item scale is reviewed for validity and to determine if 
any further item reduction is possible. This original instrument was determined to consist of five 
factors, namely, general flight risk, high risk, altitude risk, driving risk, and everyday risk. Ten 
items each loaded onto both the general flight risk and high risk factors. Altitude risk consisted 
of 7 factors while driving risk and everyday risk consisted of 3 and 4 items, respectively. This 
immediately presents a concern as the total of all factor items equals 34, which is more than the 
26 items on the scale, and our initial analysis of the 26-item scale showed single items loading on 
multiple factors, which is problematic in regards to construct validity (Blunch, 2013). Based on 
these issues, there was grounding to revalidate the original scale with the objective of producing 




 The purpose of the present study was to examine the factor validity of the Risk 
Perception – Self scale initially developed by Hunter (2006). This 26-item assessment was 
previously shown to measure risk perception using a five-factor structure. The Confirmatory 
Factor Analysis model in this study used Hunter’s five factors and these 26 question items. The 
five factors identified in the original model were: general flight risk, high risk, altitude risk, 
driving risk, and everyday risk. Using a new sample of participants, the current study conducted 
a confirmatory factor analysis to see if 1) the factor structure held as proposed in the original 
scale, and 2) if any further items could be reduced while maintaining high levels of validity. Both 
construct validity and construct reliability will be evaluated. Construct validity consists of 
convergent and divergent validity. Convergent validity demonstrates that the items on a construct 
are highly correlated with one another, while divergent validity demonstrates that each factor in 
the measurement model differs from the others. Lastly, construct reliability is evaluated to ensure 
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Four hundred and ninety (20 females) members of the Aircraft Owner’s and Pilot’s 
Association’s (AOPA) Air Safety Institute (ASI) participated in the study. An email requesting 
participation in the study was sent to approximately 9,800 members, and the response window 
remained open for approximately three weeks, indicating a response rate of around 5%. The 
average age of participants was 60.46 years (SD = 13.58), and they reported an average of 
3,357.07 (SD = 5353.95) total flight hours (MDN = 1,246.50). Figure 1 depicts the certificates 
and ratings held by participants in the study. The majority of pilots were private pilots (52.6%), 
and a majority of participants also held instrument ratings (56.2%). Most pilots indicated that 
they flew Part 91 recreationally (78.7%), with a few flying Part 121 (6.7%), Part 91 
business/corporate (8.5%), Part 135 (2.0%), military (0.8%), Part 91K (0.2%), or other (3.1%). 
 
 
 Figure 1. Demographic data of participants showing the percentage of certificates and 
ratings held. Participants were able to select multiple certificate and ratings. 
 
After an initial screening of the data, 370 cases were deemed valid for use in the data 
analysis. The main reason for a case being removed was due to incomplete responses in the 
questionnaire. All responses with incomplete data were removed prior to data analysis. The 
minimum suggested sample size to conduct the data analysis was 229 usable cases based on the 
assumption of a small to medium effect size (0.25), statistical power of 0.80, 5 latent variables, 
26 observed variables, and an alpha level of 0.05 (Soper, 2019).  
 
Procedures and Materials 
 
 Participants were solicited through an email notification. The data collection window 
remained open for approximately three weeks, and ASI sent a reminder email at roughly the 
halfway point. Within the email was a link to the questionnaire, which was hosted using Google 
Forms ®. After clicking on the link, participants were first presented with an electronic consent 
form, which they had to accept to complete the study. Following this, they were presented with 
instructions, and they were then presented a series of instruments, specifically, the 44-item Big-
Five Inventory (BFI, Benet-Martinez & John, 1998; John & Srivastava, 1999); the 27-item 
Aviation Safety Attitude Scale (Hunter, 2005); five questions related to their participation in 
AOPA ASI safety materials such as videos, online training courses, and seminars; the 26-item 
Risk Perception – Self scale (Hunter, 2006), and lastly demographic information. The study took 
approximately 15 minutes for participants to complete. The complete instrument was 
administered to produce a full structural model of pilot attitudes toward taking risk. However, the 
first step in assessing a structural model is to verify adequate factor structure. Due to the validity 
problems associated with the Risk Perception – Self scale, the researchers had to revalidate the 
Risk Perception – Self scale due to a series of issues, specifically, poor model fit and individual 




 The study used a quantitative method and a non-experimental correlational design. 
Confirmatory Factor Analysis (CFA) was the statistical procedure used to assess the validity and 
reliability of the instrument to assess a pilot’s self perception of risk. CFA is conducted when the 
researcher’s specifiy the relationships between latent and manifest variables a priori, in this case, 
based on the original scale. Through the process of CFA, a measurement model can be 
determined, and it allows the researcher to make a decision as to the accuracy of the pre-
determined model (Hair et al., 2010). Establishing a valid measurement model is frequently the 
first step in developing a full structural model. In the case of this current study, since the original 
risk perception scale failed this measurement model stage, a full structural model (the original 
goal of the study), was unable to be conducted and required a revalidation of the risk scale be 




Confirmatory Factor Analysis (CFA) was utilized for this analysis through IBM SPSS 
AMOS 24. In order to evaluate the model fit indices, this research uses a Goodness-of-Fit Index 
(GFI), Adjusted Goodness of Fit Index (AGFI), Normed Fit Index (NFI), Comparative Fit Index 
(CFI), Normed Chi-Squares, and Root Mean Square Error of Approximation (RMSEA). GFI, 
AGFI, and NFI are recommended to be at least 0.9 to ensure the model fit. Additionally, it is 
recommended that CFI should be greater than 0.93, and RMSEA should be less than 0.06 
(Byrne, 2010).  
 
Should the model fit be unsatisfactory, the model respecification would be conducted to 
determine the best fit factor structure. In this step, Modification Indices (MIs) are examined to 
determine necessary changes that should be made to the measurement model to improve the 
model fit. This is an exploratory process in which multiple iterations were conducted by making 
one change at a time.  
 
Then, reliability of the constructs was assessed using Cronbach's Alpha and Construct 
Reliability (CR). It is recommended that alpha and CR should be greater than 0.7 to achieve 
good construct reliability (Nunnally, 1978; Hair et al., 2010). Finally, construct validity, 
including convergent and discriminant validity, was assessed using Average Variance Extract 
(AVE) and Maximum Shared Variance (MSV) methods following guidelines provided by 
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Fornell and Larcker (1981) and Hair et al. (2010). To achieve good construct validity, AVEs 
should be greater than 0.5 and higher than the corresponding MSVs for all constructs. 
 
The analysis results show that the initial CFA model did not have a good model fit, so 
MIs were examined to determine necessary changes to the factor structure. Table 1 presents the 
model fit indices for the initial CFA model and the second CFA model, which reflects the 
respecification as described next.  
 
Table 1 
Model fit indices for the initial CFA model and the final CFA model 
Fit indices Initial CFA Model CFA Model 2 
CMIN/DF 2.963 3.000 
GFI 0.856 0.909 
AGFI 0.816 0.865 
CFI 0.885 0.935 
NFI 0.837 0.907 
RMSEA 0.073 0.074 
 
An examination of the results indicated that items for Everyday Risk construct have low 
factor loadings (less than 0.5) and high variance, resulting in low construct reliability 
(Cronbach's Alpha is 0.429 and CR is 0.152) and low convergent validity (AVE is 0.195). 
Additionally, the high correlation between Driving Risk and Everyday Risk indicated poor 
discriminant validity of this construct. These issues brought up the concerns with the relevance 
and validity of the question items for this construct. Accordingly, Everyday Risk was removed 
from the measurement model (Blunch, 2013; Hair et al., 2010).  
 
In addition to Everyday Risk, the CFA results also revealed concerns with question items 
for the High Risk construct. Specifically, the items labeled RPS9 and RPS18 have low factor 
loadings and high variance, resulting in low reliability and validity of this construct. Further 
examining these question items, it was noted that these questions seemed ambiguous and 
overlapped with other questions, which lead to the low factor loadings and inter-item 
correlations. Hence, these items were removed. Following the same process, further concerned 
items were identified and removed in an iterative process, including the items RPS14, RPS18, 
RPS21, and RPS26. It is important to note that the question content and literature were examined 
to justify removing these items (Blunch, 2013; Hair et al. 2010). Table 2 shows the CFA model 
with the items for each construct. This CFA model has a satisfactory model fit with GFI of 
0.909, AGFI of 0.865, CFI of 0.935, NFI of 0.907, normed chi-squared of 3, and RMSEA of 
0.074. AGFI and RMSEA are outside the boundaries of recommended levels but considered 
acceptable (Hair et al., 2010). Table 2 also shows the construct reliability and validity results. 
Flight Risk, Altitude Risk, and Driving Risk have satisfactory construct reliability with 
Cronbach’s Alphas and CRs higher than 0.7. These constructs also have good convergent 
validity with AVEs greater than 0.5 and good discriminant validity with AVEs higher than 
corresponding MSVs. High Risk is the construct that has mediocre construct reliability and 
validity results. However, given the importance of this construct and the satisfactory factor 
loadings, it was decided to keep this construct in the measurement model. 
Table 2  











































































































    
 
The results of this CFA model shows that Flight Risk, High Risk, and Altitude Risk are 
all flight-related while Driving Risk is not. To determine if a more parsimonious scale could 
measure flight risk perception, an alternative measurement model was created as a second-order 
CFA model, shown in Figure 2, without the factor of Driving Risk. In this CFA model, Flight 
Risk is a second-order construct attributed by three first-order constructs, General Flight Risk, 
High Risk, and Altitude Risk. The same process was followed to determine the model with a 
good fit. Figure 2 shows the final second-order CFA model. This final model has a better model 
fit than the previous CFA models with GFI of 0.933, AGFI 0f 0.893, CFI of 0.947, NFI of 0.923, 
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normed chi-squared of 3, and RMSEA of 0.071 (see Table 3). Additionally, Table 4 presents the 
factor loadings, AVE, Cronbach’s alpha, CR, and MSV for this final CFA model. The results are 
very similar to the previous CFA model 2 as presented in Table 2, confirming that this model has 
good construct reliability and validity. This data suggests that the final CFA model is a better and 
more valid assessment of risk perception than the previously existing model as depicted in 
Tables 3, 4, and Figure 2. A version of the new scale can be found in Appendix A - Flight Risk 
Perception Scale (FRPS). 
 
 
Figure 2. Final CFA Model depicting a second-order structure. 
  
Table 3 
Model fit indices for the second CFA model and the final CFA model 
Fit indices CFA Model 2 Final CFA Model 
CMIN/DF 3.000 3.000 
GFI 0.909 0.933 
AGFI 0.865 0.893 
CFI 0.935 0.947 
NFI 0.907 0.923 
RMSEA 0.074 0.071 
 
Table 4 
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 The purpose of the current study was to assess the Risk Perception – Self scale published 
by Hunter (2006). That study produced a 26-item scale which was demonstrated for use in pilot 
self-assessment of risk. The results show that Hunter’s instrument, as reflected in the initial CFA 
model, does not have a good model fit and fails the construct reliability and validity tests.  
The current study used confirmatory factor analysis to identify a second-order CFA model with 
Flight Risk as the second-order construct and general flight risk, high risk, and altitude risk as the 
first-order constructs. The resulting new 13-item scale demonstrated good fit, construct validity, 
and reliability.  
 
 Risk remains a constant and ever-present threat, and this is particularly true in the 
aviation industry where events, such as weather, can change quickly. A tool such as the one 
revalidated in this study to measure pilot’s self-assessed risk perception can be valuable to the 
aviation research community.  
 
 There is also value added through having a valid instrument which can be used in the 
aviation field to measure risk perception. The process to develop a new instrument is rigorous 
and requires a large sample of participants, which may often be difficult for researchers to build 
before conducting the main study, especially within the aviation domain. Within the aviation 
field, it can frequently be a challenge to gather participants to complete studies, and having to 
collect hundreds of participants to validate an instrument before completing the actual proposed 
study can often be a non-starter. This challenge may also result in researchers using scales which 
have not been properly validated, which could threaten the overall findings of the study. 
Therefore, there is clearly value in using a validated scale. This scale can help fill that void as the 
psychometrics of this study demonstrate a valid scale to measure self-assessed risk perception in 
pilots.  
 
Lastly, this updated scale balances the length and usefulness of the scale, resulting in a 
parsimonious tool. While longer scales typically have good validity, their length can sometimes 
make them rather impractical to use conveniently in research. This could result in a highly valid 
instrument, but one which is somewhat restrictive for use in actual studies. The current 13-item 
scale attempts to balance the length and usefulness while also maintaining high levels of validity 
(Gosling, Rentfrow, & Swann Jr., 2003). This Flight Risk Perception Scale can be completed in a 
few minutes, which makes it ideal if researchers want to investigate multiple measures along 
with risk or if they want to use the risk perception measure as part of a pre-test/post-test design 




 The current study produced a valid 13-item Flight Risk Perception Scale for the use of 
self-assessment of risk perception for pilots. The primary outcome of this study is a valid 
instrument that may be used by other researchers in the investigation of their proposed research 
topics on flight risk perceptions by pilots. It is hoped that other researchers in aviation will use 
this tool to further our understanding in areas of inquiry such as pilot risk taking, risk perception, 
decision-making, and judgment which remains a major focal point of aviation research. This 
scale is updated from the original 26-item scale developed by Hunter (2002, 2006). This 
shortened instrument has been updated, and the additional item reduction has resulted in a more 
parsimonious scale, which still maintains a high level of validity. The advantages of this updated 
scale are the ability to be used efficiently in research studies where researchers wish to have 




 Several limitations constrained the current study. First, the use of a convenience sample 
collected through AOPA ASI limits the generalizability of the findings to those types of 
individuals who are members and subscribers to that safety organization. Additionally, the scale 
is limited to the experience level of participants represented within this current sample. Further 
research is needed to replicate the results of this research to verify the new instrument remains 
valid within a broader population of pilots. The study also had a relatively low response rate of 
around 5%, which could result in non-response bias in the findings. More active forms of data 
collection could help increase the response rate of the study. The construct of High Risk 
demonstrated low validity and reliability after the data analysis. Future studies should revisit the 
wording of these questions as adjustments to the phraseology may help improve the validity of 
this construct. Finally, the cross-sectional nature of the data collection resulted in the data for the 
study being collected over a short three-week window. Therefore, the findings provide data from 
one point in time. Future research could use the scale in a longitudinal type study to monitor 




 The purpose of the current study was to assess the Risk Perception – Self scale. This 26-
item scale was designed as a five-factor scale to measure the risk perception as self-assessed by 
pilots. A review of the original instrument suggested threats to its validity, and therefore, the 
current study used confirmatory factor analysis, which produced a restructured second-order 
factor structured scale. Flight risk was shown to be the second-order construct and the three first-
order constructs where general flight risk, high risk, and altitude risk. The new scale was able to 
be reduced to 13-items instead of the original 26-item assessment, and the findings indicated 
good construct validity and construct reliability for this revised model. The shorter scale may be 
useful for researchers who wish to measure self-assessed risk perception in pilots, and it could be 
helpful to studies with multiple measures, such as a pre-test/post-test or in longitudinal studies. 
The new model with good construct validity could be used in future risk perception studies to 
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Appendix A – Flight Risk Perception Scale (FRPS) – The Modified Risk Perception Scale 
Instructions: Please rate the level of risk present in the situation, if YOU were to experience the 
situation tomorrow. Responses are provided on a scale from 1 (Low Risk) to 9 (High Risk). 
 
Flight Risk Perception Scale 
 
General Flight Risk 
1. During the daytime, fly from your local airport to another airport about 150 miles away, in 
clear weather, in a well-maintained aircraft. 
2. Make a two-hour cross-country flight with friends, after checking your weight and balance. 
3. At night, take a cross-country flight in which you land with over an hour of fuel remaining. 
4. During the daytime, take a cross-country flight in which you land with over an hour of fuel 
remaining. 
5. At night, fly from your local airport to another airport about 150 miles away, in clear weather, 
in a well-maintained aircraft. 
 
High Risk 
6. Fly in clear air at 6,500 feet between two thunderstorms about 25 miles apart. 
7. Make a traffic pattern so that you end up turning for final with about a 45 degree bank. 
8. Make a two-hour cross country flight with friends, without checking your weight and balance. 
 
Altitude Risk 
9. Fly across a large lake or inlet at 500 feet above ground level. 
10. Take a two-hour sightseeing flight over an area of wooded valleys and hills, at 3,000 above 
ground level. 
11. Fly across a large lake or inlet at 1,500 feel above ground level. 
12. Take a two-hour sightseeing flight over an area of wooded valleys and hills, at 1,000 above 
ground level. 
13. Fly across a large lake or inlet at 3,500 feet above ground level. 
 
 
 
